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Guide for Conducting Statistical 
Comparisons of RFI/RI Data and Background Data 

At the Rocky Flats Plant 

General 

This document is intended to provide guidelines for OU-to-background comparisons of data, and 
to explicitly discuss approaches to the issue of determining OU-specific contamination. The OU- 
to-background comparison will be applied for inorganics and radionuclides. In addition, the 
comparison may occasionally be performed for organics on a limited, case-by-case basis, subject 
to EPA and CDH approval. 

It is important to establish a common approach leading to a common list of possible contaminants 
for each OU. To this end, the Figure GENERAL APPROACH TO DETERMINING 
"CONTAMINANTS" was developed. In this general technique, a "Tool-Box" approach is 
employed to arrive at one common list of contaminants for each OU (or subdivision), for all 
functional aspects of the RFI/RI and CMS/FS. 

As indicated, several disciplines such as the Human Health or Ecological Risk Assessors and 
Regulatory specialists may pare the list of contaminants to "Contaminants of Concern" (COCs) 
based on factors germane to their application (e.g., toxicity). 

The text below follows TASK 4: FLOWCHART FOR COMPARING OU DATA TO 
BACKGROUND. 

Determine Background and OU Tarpet PoouIations 

Appropriate geographical, geological, and temporal data sets will be defined for comparison. 
This is essentially a matching exercise so that Site (OU) data sets are comparable to background 
sets. Consideration will be given to issues such as: 

Geologic materials 
Hydrostratigraphic unit 
Temporal comparability 
Sample size for statistical tests 
Confidence in geo/hydrologic regime determination 
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The background data sets will be taken from the current version of the Background Geochemistry 
Report. The following media have defined backgrounds: groundwater (Rocky Flats Alluvium, 
valley fill alluvium, colluvium, weathered sandstone, and unweathered Arapahoe/Laramie 
formation rocks), surface water (Rock Creek and Woman Creek), seeps, stream sediments (Rock 
Creek and Woman Creek), seep sediments, and soils (Rocky Flats Alluvium, colluvium, surficial, 
weathered clay stone, and weathered Arapahoe, Laramie sandstone). Tables that cross-reference 
site media to background media will be provided. 

Set DOO's 

DQOs are established to define data needs for each of the RFI/RI tasks, coordinate that collection 
activities support those needs, and ensure the quality and quantity of resultant data. Three stages 
are used in the development of DQOs: 

Identify Decision Types: 
Identify and involve data users, 
Evaluate available data, 
Develop a conceptual model of the study site, and 
Specify RFI/RI objectives, and anticipate the decisions necessary to achieve the 
objectives. 

Identify Data Uses and Needs: 
Identify data uses, 
Identify data types, 
Identify data quality needs, 
Identify data quantity needs, 
Evaluate sampling and analysis options, and 
Review data precision , accuracy, representativeness, completeness, and 
comparability (PARCC) . 

Design Data Collection Program: 
Assemble data collection components, and 
Develop data collection documentation. 

Data Collection and Validation 

Under current IAG schedule conditions, analytical data may not be 100% "validated" when the 
background comparisons are made in each draft report. The potential impacts of using non- 
validated data will be discussed on a case-by-case basis. 

Data Presentation 
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Several data presentation techniques were identified by Dr. Gilbert as appropriate for different 
conditions. To perform them all for all compounds in a standard full suite is not necessary when 
it is clear from a preliminary review that the vast majority of data points for some compounds 
are entirely or almost entirely non-detects. 

Accordingly, we have refined the mcthodology as follows: 

Box plots will be used when the percentage of non-detects is 50% or less. 

Histograms will also be used when the percentage of non-detects is 50% or less. Bars 
in the histogram will be shaded to indicate the percentage of detects and non-detects 
within each bar interval. 

Probability plots, ordered listings, and other graphics will be used as appropriate. 

As indicated by the OU1 process, visual presentation of the data is important. Interpretable 
graphics will be produced to the extent that they facilitate analysis. In general, graphics will be 
a central feature of analysis. 

BACKGROUND COMPARTSON METHODOLOGY TOOL BOX APPROACH 

Employing: Bounding-Benchmark Comparison (Hot Measurement), Inferential Statistics, and 
Professional Judgement 

General 

The tool-box approach employs a bounding-benchmark comparison, inferential statistics, and 
professional judgement. This approach was forwarded in the OU1 comment-resolution process, 
endorsed by Dr. Gilbert, and is widely applied in the hazardous waste industry and environmental 
business across America. It employs a "weight-of-evidence" framework wherein all three aspects 
are factored into the determination of what is a Site (OU) contaminant. Statisticians will be used 
to verify that the methods used are correct. 

Bounding Benchmark Comparison "Hot Measurement Test" Component 

0 A hot-measurement test will be performed that will compare each analyte concentration 
to an upper-limit value for that analyte. 

0 The upper-limit value will be the value at which there is a 99% confidence that 99% of 
the background distribution will be below this value (UTL,,,,,). If the UTL99,9Y cannot 
be calculated or reasonably estimated, then background values from technical literature 
and professional judgement will be used. The resulting geochemical interpretation of data 
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will be subject to Agency review and approval. 

o The UTL99/99 is required instead of a toxicity-based value because a single list of potential 
contaminants must be used by many disciplines (Human Health, Ecological, Regulatory, 
etc.,) to ensure consistency across the RFI/RI and CMS/FS Reports. The subjective 
nature of what is "hot", as well as toxicity and ARAR considerations, will be dealt with 
by the specialists who determine COC's specific to their discipline. See the Figure 
UPPER TOLERANCE LIMITS BY GEOLOGIC UNIT for a comparison of UTL's 
and Human Health Toxicity-based "Hot-Measurement" values. 

0 In addition to ensuring that high concentrations do not get overlooked, the is an 
important tool for identifying locations of suspected elevated concentration in the nature 
and extent section. 

Background Comparison Using: Inferential Statis tical Methods 

Based on Dr. Gilbert's work, the following inferential statistical tests will be used to compare 
background data sets to data sets compiled at the Operable Units (OUs). These data sets will be 
compiled and compared by analyte, and by the correct background data set (Le., colluvium, 
alluvium, alluvium + colluvium, surface soils, etc. [See Determine Background and OU Target 
Populations]). 

It should be noted that Dr. Gilbert's recommendations establish a framework that emphasizes 
using the most appropriate test available. Thus professional judgement will be necessary both 
in application of inferential tests, as well as their interpretation. Additionally, within the 
framework of a battery of tests drawn from a "tool box" of methods, it is requested that EPA 
and CDH remain open to consultation on the use of other tests as appropriate. 

The results of all tests (hot-measurement, inferential) will then be evaluated in light of 
professional judgement. This process is depicted on the figure BACKGROUND 
COMPARISONS METHODOLOGY. 

If hot-measurement or inferential statistical tests show that the concentration of a given analyte 
in the OU data set is not greater than the concentration in the background data set, and if 
considerations in the professional-judgement arena do not override, then the analyte is considered 
not to be a contaminant. 

If either the hot measurement test or at least one inferential statistical test shows that the 
concentration of a given analyte in the OU data set may be greater than the concentration in the 
background data set, then professional judgement (using temporal and spatial analysis, as well 
as pattern-recognition concepts) is again applied to see if the analyte concentrations in the two 
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data. sets are actually different. 

After the hot-measurement test and prior to the use of statistical testing, the issue of non-detects 
must be dealt with for all tests except the Gehan test, which can be applied with non-detects 
present. For all other tests, nondetects should be replaced with a value of 0.5 times the 
applicable detection limit, following EPA guidance (Statistical Analysis of Groundwater 
Monitoring Data at RCRA Facilities, Addendum to Interim Final Guidance, July 1992), but 
realizing the performance of simple substitution decreases with an increasing proportion of non- 
detects. 

The handling of non-detects, and the presence of multiple detection limbs in the RFEDS data 
base, requires the use of good professional judgement along with the general guidance offered 
here. The use of graphical displays of data will assist in the handling of high-value non-detects. 

A discussion of detection limits will be given at this point. 

Gehan Test or Nonuarametric ANOVA Test 

0 The Gehan test is a nonparametric test and can be used when multiple detection limits are 
present. The Gehan test will be applied without replacing non-detects. These are the 
principal favorable attributes of the Gehan test. 

0 Standard nonparametric ANOVA tests (Wilcoxon Rank Sum and Kruskal-Wallis) are 
widely used in environmental assessment, and are discussed in EPA guidance (Statistical 
Analysis of Groundwater Monitoring Data at RCRA Facilities, Addendum to Interim 
Final Guidance, July 1992). These tests require replacement of non-detect values, either 
by simple substitution or maximum-likelihood methods. 

0 For the Gehan or nonparametric ANOVA test, a p-value will be generated and p-values 
that are equal to or less than 0.05 will normally be considered indicative of a significant 
difference from background. Statements of the test and null hypotheses will be given, in 
both statistical and narrative terms. 

Ouantile Test 

0 The quantile test is also a nonparametric test and can be considered as a rapid screening 
test. 

0 Due to limitations in the quantile test, the test will only be used if the largest 20% of the 
combined background and site data are detects. 

0 A p-value will be generated and p-values tnat are equal to or less than 0.05 will indicate 



a significant difference from background. Statements of the test and null hypotheses will 
be given, in both statistical and narrative terms. 

Slippage Test 

0 The slippage test is a nonparametric test and can be considered as a rapid screening test. 

0 Due to limitations in the slippage test, the test will possibly not be used if the largest 
background value is a non-detect. I f  the largest background value is a non-detect, then 
professional judgement will be applied to determine whether or not the slippage test is 
applicable. For example, if the second largest background value is a detect and is similar 
in value to the largest background value, it could be used in place of the largest value 
(although the replacement must be taken into account when interpreting the test results). 

o A p-value will be generated and p-values that are equal to or less than 0.05 will indicate 
a significant difference from background. Statements of the test and null hypotheses will 
be given, in both statistical and narrative terms. 

T-Test 

0 The t-test is a parametric test and is very commonly used when testing the difference 
between means of two data sets. 

0 Due to limitations in the t-test, the test will be applied in cases where both background 
and OU data are normally or log-normally distributed and contain at least 20 data points, 
and less than 20% of the background and OU data are classified as non-detects. 

0 A p-value will be generated and p-values that are equal to or less than 0.05 will indicate 
a significant difference from background. Statements of the test and null hypotheses will 
be given, in both statistical and narrative terms. 

Due to their wide use in statistical applications, including regulatory settings, it is possible that 
ANOVA (parametric and non-parametric) tests may qualify as the most appropriate tests, 
notwithstanding their limitations with non-detects and multiple detection limits. DOE and its 
contractor shall confer with EPA and CDH, and seek regulatory assistance prior to the use of 
these tests, and any other tests deemed applicable, as appropriate. For example, see the attached 
Figure 1-2, SELECTION OF STATISTICAL METHOD FOR COMPARISON OF 
BACKGROUND Ah?) NONBACKGROUND POPULATIONS, from the 1993 Background 
Geochemistry Report. 

Professional Judgement 
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The following general guidelines will be used individually and collectively, in conjunction with 
the above comparison and statistical "tools" to ascertain if a reported analytical detection(s) 
constitutes contamination at the OU. When professional judgement is applied, documented and 
defensible evidence will be furnished, and DOE will bear the "burden of proof". 

o Spatial distribution of analytes above background are or are not indicative of 
contamination due to waste-related activities at the OU. Spatial plots, interpreted in a 
source-to-receptor conceptual model, in addition to compound-specific mobility 
considerations, generally assist in interpretation of inconclusive results. 

0 Temporal distribution of analyte concentrations at a station indicates the "high" value(s) 
is(are) outlier(s). Time-series plots at wells or surface-water locations can generally be 
used to link apparently insignificant outlier reports to seasonal or hydrological 
phenomena, and vice versa. 

0 Other associated analytes are determined not to be contaminants in the sam?le or at the 
station. Then this may be added to cumulative evidence ("burden of proof") that the 
analyte in question is not a potential contaminant of concern. Pattern recognition 
concepts are useful in identifying anomalies as well as confirming "fingerprint" 
associa tion s. 
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RFA 2 :03.03 ' -a 0.42 w.95 cso P a  
EFA 61 1W.W 027 c23 C2.8 0.63 1.103 P W  
SFA w 103.W i&ILXi Z Z O l  W l Z i  2.2 e80.003 p a  
F A  78 iD2.W C A T  021 C.E8 0 . 2  2.033 F G l  
!?FA 75 103.03 0.W 0.07 0 -23 0.:7 2.330 p c i z  
FiFA E9 ;w.w C.14 C.14 C.,% 0. L6 2,035 F C d  

1 C 3 L  t 5  1W.W 1525 034 l.;3 OS7 1.103 P C d I  

VFA 
VFA 
\'FA 
VFA 
\'FA . 
VFA 
VFA 
V.FA 
VFA 
YFA 

3 . G  
12- 
Z.% 
C.51 
5.75 
:.E3 

=.;5 
1s.E3 
0.47 
e.92 

C . 3  
5.05 

C . S  
c.2; 

i ; e 2 4  

2:.= 
0.51 
3.:9 

-- 
r . i  

3 -. 
u r  t 

1 C . X  

0.9 1 
274 : 4 

.,.1E 
0.23 
10.2 

. E -  
s . 4  

. C  
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UPPER T O E F W Y C E  Lovirrs BY GZOLOGIC b%T 
GROUNDWATE3, TC 

ANALYTE 

AMGlCIUM241 
CESIUM137 
GROSS ALWA 
GRCSS BETA 
PLUiONIUM-239.240 
STiiO,YTIUM-89.W 

URANIUM-2?x234 
URANIUM235 
URANIUM-233 

mmuM 

COL 
COL 
COL 
C S L  
COL 
COL 
COL 
COL 
C 3 L  
COL 

25 
23 
6 
6 

25 
7 

17 
6 
8 
6 

lw.w 
1w.w 
1mw 
103.03 
io3.w 
100.03 
103.03 
103.03 

103.03 
1m.W 

0.W 
0.16 

150.25 

0.01 
0.25 

231.15 
53.74 

2 1 4  
36.04 

1 1 1 . 5  

0.00 
0.25 

14275 
e.525 
0.01 
0.11 

153.39 
6E.W 
239  

0.01 
1.49 

1.197.59 
706.79 
0.W 
0.S5 

961.112 
M.9 
16.W 

376.92 

0.W2 
0.70 

314.5 
1S1.5 
0.026 
0.W 
u7 
L2 

1o.w 
2% 

253 
l.iD3 

210 
1.403 

es3.m 
3.030 
3.ooO 
3 . m  

pCLZ 
p C i  
p C i  
p C i  
pein 
p C i  
P W  
pC& 
p C i  
p c i l i  

RFh 
FiFA 
RFA 
RFA 
FiF.4 
RFh 
FiFA 
RFA 
RFA 
EF.4 
RFA 

a2 
75 
5 
5 
7 
s 
13 
2i 
12 
12 
1: 

1WW 
1M.03 
103.w 
1c1;?.05 

lw.w 

103.03 
lw.w 
:03.00 
:03.05 
1W.M 

;m.w 

0.01 
0.06 
1.€9 
2 2 5  
0.03 
0.m 
0.11 

225.72 
0.G 
0.12 
0 . 3  

0.01 
C . 3  
1 2 9  
1.U 
0.03 
0.00 
c21 

3u7.16 
0.45 
0.23 
C.53 

0.53 
1.29 

1 2 . 3  
15.G 
0.01 
0x1 
1.0: 

1.3sE.w 
2s 
1.C5 
2s 

t.m 
0.70 

314.5 

191.5 
0.C;s 
0.028 
0.054 
536 
1 . 2  
0.9 
1.E 

V FA 
VFA 
VFA 
VFA 
V.'A 
\'FA 
VFA 
VFA 
VFA 
VFA 
VFX 

26 
I ,  - - 
7 
E 
Et 
E 

:7 - 
I 

, .. 
2 

:w.m 
: G2.m 
:w.Co 
i W.W 
io9.w 
lO3.W 
103.05 
:W.W 
1w.w 
:M.M 
iD2.53 

c.0: 
C.10 
7 c j  

:.% 
O S 1  
0.c; 
0 . u  

1czse 
1.52 
o.:c 
: 2 3  

".- 

0.0: 
C.XI  

i T': 

0.c: 
0.G 
0.57 

l€O.CZ 
1.W 
0.13 
1 2 0  

- E^ L-J 

0.C5 
;.E 
:E.% 
a5-S 
c.c9 
C.:: 
2% 

TiB.C? 
8.31 
0.75 

222.15 

0.KZ 
3.70 

1 -29 
0 . E S  
0.529 
0.5: 
s55 
, 2 . 2  
7.55 
SI26 

-. . 
" 8 -  

.I 

Exuncie R E S  for i i l u m c n  or fie v p i d  rangeof a 10Er2 R5C. 



GiiOUNDWkE3, TOTAL RADIONUCUES ( C O T  

GEOLOGIC M M P L C  PEiiCEhT SiANOAfiD LGTYWR'S 
UNIT S E N  0,EiECTS M E A N  OFvWilON 9 9 / 9 9  95195LT;Lt 1oX'RSC .. U N m  

AMERICIUM24 1 WCS 20 10.02 0.01 0.01 0.07 0 . m  2M F a  

GROSS ALPHA VfCS 5 133.w 1ZG 1246 124.W 314 F% 
GROSS BETA WCS 5 100.00 6 2 7  5.11 55.ss 191.6 P a  
PLVTONIUM-239.240 WCS 21 133.03 0.00 0.N 0.M 0.029 21 0 P a  
PADIUM-226 W t s  4 lW.W C.36 0.15 279 4CO F C X  

, nmUM WCS :9 1w.33 - 1 -  L s~6.76 E.Ui.88 56.918.91 s56.7 e63.m p a  
U W 4 I U M i z l . 2 3 4  WCS 6 133.00 7.49 5.33 u.13 27.6 2.m F W  
UWINIUM2JS wcs 6 100.03 0 2 8  0 2 5  1.61 1.34 coo3 pCJL 
UR4NlUM-238 W t s  3 lW.00 5.11 4.56 1Z.€S 91.98 3 . m  p m  

kMFilC:UM-24 1 U R  U 1N.M 0.0 1 0.C2 0.07 0.E2 233 Fc;I1. 

CESIUM137 W c 5  14 133.00 0.28 0.36 1.86 0.71 1.700 p a  

s;ilomuh4-e9.90 w-3 4 103.33 0.05 0 3 5  5.25 0. !34 1.403 FC& 

b 

CESIUM-137 
GfiOSS hLDF.4 
GfCSS EETA 
PLmONIUM-z3.3  
P L ~ a N l u ~ z 3 9 . : 4 o  
Fi4!lIUM-225 
SG3hTUM29.M 
TiilTiUM 

I U P M l U M - 2 3 . 2 5 :  
1 U F A N I U M - Z ~  

i 
I 

I UFANIUM-225 
!! 1 I 

&A 29 133.03 0.00 0 . 5  0.96 0.48 t .io3 p c t z  

2 Cji  

Ufi 6 1w.w i 1.09 16.W 122.09 314 

U R  lw.w 0.0: . 0.01 0.14 0.028 
U R  k.5 1w.00 0.03 0.01 0.M O.MS 2:0 p d c ,  J 

si.23 1.5z.10 E35 EW.033 ;G'L , 

< - FCVL I &a 6 1ffl.W 1291 13.15 110.57 191.6 

U Z  2 1X.W 0.55 G. cs 17.30 KO p c t x  I 
G? 4 :COD3 0.10 0.25 2.x 0.64 1.400 PCi- 1 

4 ?.€a 2.m PGL IJ 
L Si.SB :.'a ;GI f j  

..- YAFi :5 :>2.m C2.u 
&A iC0.W 0 . 7  C."? /.I9 
KAR :cc.m C.c3 0.02 0.27 
YAR :W.M C . 3  C.ZS G . 7 3  

2.033 pc;", jl 

I /  

W 
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UPPLi TOLElWCZ LIMTTS BY GEOLOGIC U" 
GEOLOGiC MATERIALS, TOTAL M Z A L S  

ANALYTE 

ALUMINUM 
ARSENIC 
BARIUM 
GERYUIUM 
CZDUIUM 
CALCIUM 
CESIUM 
CHROMIUM 
COBALT 
COPPEil 
IRON 
LE40 
U7HIUM 
MAGNESIUM 
MANGANESE 
U E R C J W  
NICKEL 

SELENIUM 
SILVER 
STRONTIUM 
i lx  
4MJADIUM 
ZlNC 

C3L 
C 3 L  
C3L 
COt 
C3L 
C3L 
C3t 
C3L 
CSL 
COL 
C3L 
C3L 
C3L 
C3L 
C 3 L  
C 3 L  
C3L 
C3L 
C3L 
CSL 
CBL 
COL 
CBL 
CBL 

28 
28 
28 

25 
28 
24 
28 
29 
28 
29 
29 
28 
23 
23 
27 
29 
25 
27 
:c 
29 
c3 
29 
2s 

28 

103.00 
85.7 1 

100.03 
96.43 
57.09 
1w.w 
75.03 
103.00 
25.03 
w.u 

100.00 
lw.w 

78.57 
iw.00 
a 
9266 
x.71 
;222 

S i 1  
25.w 
102.03 
:03.CQ 

2e.57 

42:i 

10.541.43 
3 . 9  

13320 
5.47 
0.86 

9.09214 
20524  
13.79 
6.11 
14.67 

15.c28.07 
I 1623 

8.52 
iS67.22 

191.87 
0.78 
16.97 

979.61 
0.S 
5 . c  
5.92 
37.35 
32.21 
56.13 

4 . W . S S  
1.i4 

94.cs 
5.47 
0.42 

6.a .14  

55.88 
5.85 
3.87 
5.68 

6.715.25 
4.62 
I .,6 

l.,T..W 
i6c.25 
04- 

T21.36 
0.G 
9.46 
z?.s 

:723 
21 .E  

- =  

e 2 8  

147.51 

27.86 1.68 
9 . S  

46257 
24.62 
235 

31.396.50 
412.25 
3.31 
19.66 
53.87 

3 . W . 5 1  
%a 
3.99 

E.513.0S 
722.10 
0.M 

a.57 
3.5C5.i8 

3.15 
4258 

E 0 . S  
635.37 
i3.15 
i3257 

22.323 
lZ'1 
u 3  
18.1 

23.216 

423 

3 2 3  
33.297 
23.0 
ie.5 

7.273 
ba 

4i.9 
3 . 2 s  

.1 
4": 

i C . 3  

i:1 

z'sa 
9.100.004 

1M 

45.m 

6.800 

1 O . t O o . ~  
a.Gx 

5.Loo.m 

U G;KG 
M U G  
MGKG 
MGKG 
MGfKG 
MGfKG 
MGlKG 
MWKG 
MWKG 
M G X G  
UGiXG 
MGKG 
MGlKG 
MWKG 
MGKG 
M U G  
MWKG 
U G X G  
MGt'KG 
MGKG 
M3iXG 
MG%G 
hlG;KG 
MGXG 

;.:A 
R iA  
fiFA 
RFA 
F.FA 
R FA 
Fi.=A 
RFA 
RFA 
;FA 
iiFA 
E i k  
E FA 
RFA 
RFA 
;FA 
K=X 
RFA 
RF.4 
r.rm 

RsA 
RFA 

--. 

E2 
E2 
€2 
E2 
4.5 

62 
R 
62 
F2 
E2 
€2 
E2 
E2 
E2 
€2 
54 

59 
61 
5 
€2 
E2 
€ 1  

c5c97.54 
21.44 

25t.57 
:E.S 
2336 

67.4C251 
1.25729 

113.1 I 

G.79 
s i 0  

EJ.3z.57 
3.3 
z . 4 1  

14.53 1.53 
:.%5.x 

2 Z l  
1x63 

10.783.63 
19.93 
x25 
i3.3 
235.13 

. - -  
16.225 

-.. 
I c.f 
76.2 
fO 

2297 
24.5 
iE.5 
7.LW 
€4 

722 
3.725 

-. ( 1 . 1  

1 4 2  

10.ooo.033 
80.003 

5.cw.Gx 



UPPER T O L E A ' C E  LlMlTs BY GEOLOGIC mT 
GEOLOGtC MAEiWLS, TOTAL METALS ( C O W  

ANALYE  
. .  
ALUMINUM 
ARSENIC 
BARIUM 
BERYLLlUM 
CADMIUM 
CALCiUU 
CESIUU 
CHROMIUM 
COPPEa 
IfiON 
LEAD 
MAGNESIUM 
WWNESE 
NICKEL 
SELENIUM 
SILVER 
TIN 
VANADIUM 
ZINC 

GEOLOGIC W P E  PLqCENT STANDARD LLSTMM;'S 
UNIT SIZE, N DETECZ MEAN DRriAnON sS195UTb 1033'RBC UNriS 

WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
W C S  
W C j  
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
W C S  
WCS 
WCS 
WCS 
WCS 

8 
9 
9 
9 
9 
9 

9 
9 
9 

9 
9 
9 
9 
9 
9 
9 
9 
9 
5 

lw.w 
77.78 
M.89 

103.03 
=222 
66.63 
lw.w 
103.03 
lw.w 
102.03 
1w.00 
S.56 
lw.w 
lw.w 
66.67 

1 w . w  
lw.w 
1D;i.w 
1 w . w  

14.38125 
2s 
64.81 
257 
0.63 

22:3.33 
214.E9 
20.70 
1214 

l4.2C2.22 
6.M 

ZCX!.E9 
171.E8 
15.31 
:.95 

2 4 2  
271.w 
X.42 
23.62 

,z.cz??zl 
1.3 
2637 
1.m 
0 .Z  

l.%.C5 
5.99 
5.53 
5.91 

4.066.80 
2.15 

1.LU.56 
S.17 
6.67 
135 
5.- 
€2.04 
11-01 
6.20 

(3.17123 
1127 

W . 4 0  
9 . 6  
236 

9.5M.S3 
247.16 
5235 
a53 

36.177.70 
23.66 

8.i88.12 
7M.50 
5231  
8.71 

EZt.52 
93.75 
66.54 

61.68 

22.w 
121 
w 
18.1 

~ . o o o  

,7_5 
z . 7  

3 . 2 0 7  
69.2 

7.273 
bu 
41.5 

74 .3  
171 

363 
9.1M.003 

15.l 
e030 

6 . W  

1 o . m . m  
B 3 . W  

1,403.003 
1.a.m 

150.033.033 
:.xx3.ooo 

E 7.033.030 

UWKG 
MWKG 
MWKG 
MWKG 
MGKG 
MWKG 
MGKG 
MGKG 
MWKG 
MGiXG 
MWKG 
MGIKG 
MWKG 
MG%G 
MGXG 
MGXG 
MG'KG 
MGKG 
MGXG 

21 
Zl 
21 -. CI 

13 -. Cz 

16 
21 
21 
20 
20 
21 
2: 

2: 
21 
1s 
19 
16 
21 
20 
21 

e.  c ,  

103.03 
56.57 
55.24 
:c>?.w 
-7.3 
bA.L.3 

53.:: 
1cc.w 
1'3.8 7 

703.00 
1w.w 
lw.w 
2 E . S  
66.67 

103.33 
z.3 
W.2i 
31.3 
2200 
w. c9 
93.00 
: 3c.w 

.C^ - 

2581.30 
325  
55.10 
t.iS 
C . t i  

:,X?;.iS 
Ji.25 
2 5 6  
t 4 
5.S.i 

r.: "4"s 
6.15 
8.39 

i.2;3.43 
1E.74 

C.24 
: 2 . s  
1.01 
€2 

3 2 5  
2.76 
is22 

- -  
c -<- - 



UPPER T O E W E  LIMITS BY GEOLOGIC UMT il 

CESIUM137 
GRCSS ALP!iA 
GROSS @ETA 
PLUTONIVM2292a 
FAOIUKi26 
FU\OIUM-ZL$ 
sTRoKnuMB9.90 
iiil7iUM 
UFANIUM. TOTAL 
UWIUM.233.22 
UR4NIUM-23S 
UFANIUMZLIB 

1 
AMEFiIC:UM-24 1 

GiWSSAI-PW 
GiiCSS EETA 

%OIUM=25 
%GIUM.ZS 
STi2OhTUMd0.90 
7 T l U M  
UFANIUM, 5 G A L  

i U.=.%K!M.2X.I7L 

LJGNleM.z2z 

CESIUM-i37 

PLUTONIUU-23240 

i UFANICM215 
' 

GEOLOGY SZE, N DEiECTS M E A N  oEVlnnoN un S I B  9s19sm w s u e c  - UNITS 

CZL 28 105.00 0.01 0.04 c.17 0.08 z7.m p a g  
C3L 25 1w.w 3 1 . S  8.93 €J3.10 51.3 Pa lg  

27.m 3 . 2  39.22 35.1 PC/O 
C3L 28 1w.w 0.01 0.01 0.W 0.017 1.900 p a s  
C3L 21 lw.w 1.07 0.18 1.7 1.50 1.900 pCilg 
COL 21 103.a 7.57 O S  255 2 2 5  7 . m  p c i g  
COL 28 ;(MU2 4.01 0.36 1 2 4  0.64 23.m pcilg 

C3L 28 1w.w 1.86 0.73 4.41 PCUQ 
COL 28 1W-W 1.14 1 . 3  6.65 1.75 5.-m p w g  
CCL 28 lw.w 0.01 0.06 02.4 0.17 140 P cis 

C3L 28 lw.w 

CCL 28 1W.W a 1 4  106.16 a . 4 0  303 l 4 . f o 9 . W  pCYg 

COL 28 103.00 . 0.9 0.51 ". L .5 1.68 5.605 F W g  

RF A 23 l(13.03 4.00 0.01 0.m 0.013 l.m pCdg 

RFA E2 1w.w z z z  a.15 47.21 37.5 pCd5 
RFA €2 lw.w 24.70 6.75 W E 2  3-53 p Cdg 

EFA a 103.03 0.63 0.10 0.95 0.S 1.933 p a 9  
RFA 53 lw.w i.3 0.31 Lii  1.57 72- :wg 

6EA €2 lm.w 1.23 C.E 1 3.76 pczs 

FiFA E2 iW.03 0.01 0.01 0.14 0.06 fl.m pcb'g 

WA Ez lw .a  0.03 0.01 0.CZ 0.017 1 . m  FCgG 

.% 

FFA E2 1m.m 0. c3 0.3 i.09 0.M 23.tco 2cu5 I 
;FA E2 1w.w ins :==a ~ 5G.w 411 1 4 . W . 0 0 0  ; C i s  

6FA Q :o:.w 0.W O.'S 2% 1.4s , 5-20 ;c:is ii 
.i FA 52 1x.m 0.Ci 0.w 0.11 @.e3 : . .-\i .,. ;GIs !/ 
C r A  --. E2 103.Ci3 0.- 0 . 3  I . ,  2 5.xo ;c:;q ij . -- 

'."G 
. -- 

,\ 

ii 

21 1W.W 
21 lw.w 

;1 1w.m 
:r 1w.w 
: 4  lm.w 
21 1m.03 
21 lw.m 
21 lw.m 
21 lm.m 
21 1w.w 
21 :m.w 

21 :m.m 

G X S  C S A  
PL'cTi3NtUM-23.Zc3 

/ UFANIUM. TOTAL 
; U?ANlUM-2-2.234 
i UFA::IUM.;-.': 
i U ~ K I U U - ~ ~  , 

j 

0.03 
E.42 
:.5 
c.31 

0.:2 
c. :s 
0 . 3  
:z1:9 
@.M 
C.cS 
C.C4 
r - z  I.&., 

WCS s :w.w ?:.E9 c.2 5:.;0 3 . 5  ; C I S  11 
WCS 9 lu7.03 c.07 0.01 0.07 0.017 1 . 9  r'Cdf 
W C S  1 1io.w 0.G 0.:5 2 s  1.70 1,xCl 2c:cs 1 

?CJF i 
w c s  4 1X.W 1.42 C . 3  c.ca 2:s 7.:" 7cys I j  

WCZ .. s :m.w 0.63 c.:2 1.25 229 5.223 pcj'g i 

'ffcs s :w.m 0.;: 0 . G  255 0.W ;3.rx)3 
WCS 9 lW.@3 :iL.Ld 114.47 - 7 S : . 3  Ld9 ::.DiyJ.m FCi'G 

WCS 9 iw.w :.a 0.21 ;SI p c i ~  i 

WCS s :ce.co 0. cz 0.c: 0 .- -e 0. LI 
9 lx.w 0.73 0.:2 ..-si w c s  i.SL . -  

0.m 
%. 1 
z . 5  

0.C:; 
1.40 
i.EO 
0.64 
JW 

1.55 
0.10 . C I  I . -  0 



SURFlClAL SOILS FROM ROCK CREEK 
TOTAL METALS 

Analyte 

Aluminum 
Antimony 
Arsenic . 
Barium 
Beryllium 
Cadmium 
Calcium 
Cesium 
Chromium 
cobalt 
Copper 
iron 
Lead 
Lithium 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silicon 
Silver 
Sodium 
Strontium 
Thallium 
Tin 
Vanadium 
Zinc 

MEAN STDDN N TOLFACT 99199UTL UNtTS 

12992.9 
10.525 
5.817 
195.2 
0.983 
1.048 

5068.1 
61.43 
15.207 
7.781 
12.964 
15381.7 
37.535 
10.98 

2853.3 
443.67 
0.09256 
3.31 997 
12.578 
2977.9 
0.4785 
780.99 
1.728 

175.14 
35.331 
0.3773 
38.346 
31.603 
55.824 

2251.53 
1.724 
1.818 
84.63 
0.256 
0.362 
2220.5 
61.43 
2.798 
4.305 
3.629 

3226.62 
6.024 
2.273 

1049.95 
457.01 
0.0306 
1.59652 
3.588 
575.47 
0.1 468 
700.452 
0.693 
75.031 
13.81 1 
0.1204 
9.21 05 
6.049 
7.795 

18 
18 
18 
18 
18 
17 
18 
18 
19 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
16 
18 
16 

3.9604 
3.9604 
3.9604 
3.9604 
3.9604 
4.0367 
3.9604 
3.9604 
3.8924 
3.9604 
3.9504 
3.9604 
3.9604 
3.9604 
3.9604 
3.9604 
3.9604 
3.9604 
3.9604 
3.9604 
3.9604 
3.9604 
3.9604 
3.9504 
3.9604 
3.9504 
3.4504 
3.9634 
3.9604 

21 909.86 
17.35 
13.02 

530.37 
2.00 
2.51 

13862.17 
304.72 
26.1 0 
24.83 
27.34 

28160.41 
61.39 
19.98 

701 1.52 
2253.6 1 

0.21 
9.64 
26.79 

5256.99 
1 .a 

3555.06 
4.47 

472.29 
90.03 
0.89 
74.82 
55.55 
86.70 

MGIKG 
MGIKG 
MGIKG 
MGIKG 
MGIKG 
MG/KG 
MGIKG 
MGlKG 
MGIKG 
MGIKG 
MGIKG 
MGIKG 
MGIKG 
MG/KG 
MGIKG 
MGIKG 
MGIKG 
MGIKG 
MGIKG 
MG/KG 
MGIKG 
MGIKG 
MGIKG 
MGIKG 
MGIKG 
MGIKG 
MGlKG 
MSIKG 
MGtKG 

SURFlClAL SOILS FROM ROCK CREEK 
TOTAL RADlONl 

Anaivte 

Americium-241 
Cesium-1 37 
Gross alpha 
Gross beta 
Plutonium-239,240 
Radium-226 
Radium-228 
Strontium-89,90 
Uranium-233.234 
Uranium-235 
Uranium-236 

2LIDES 

MEAN STDDEV N TOLFACT 99199UTL UNITS 

0.01 854 
1.41 

19.825 
32.031 
0.05523 
0.94538 
2.1 767 
0.61 833 
1.1 4497 
0.05263 
1.1 8301 

0.0092 
0.4897 
4.916 
5.699 

0.02023 
0.12813 
0.5309 
0.23768 
0.1 5557 
0.03271 
0.18799 

15 
12 
10 
19 
18 
10 
10 
9 
16 
16 
16 

4.2224 
4.633 
5.0737 
3.8924 
3.9504 
5.G737 
5.0737 
5.3889 
4.1 233 
4.1 233 
4.1233 

0.05 
3.68 
44.77 
54.21 
0.14 
1.63 
4.87 
2.22 
1.79 
0.19 
1.95 

PCIIG 
PCI/G 
PCIIG 
PCllG 
PCIIG 
PCi/G 
PCllG 
PCVG 
PCI/G 
PCI!G 
PCI/G 



SURFICIAL SOILS FROM ROCK CREEK 
TOTAL METALS 

Analvte 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Cesium 
Chromium 
Cobalt 

Iron 
Lead 
Lithium 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silicon 
Silver 
Sodium 
Strontium 
Thallium 
Tin 
Vanadium 
Zinc 

Copper 

MEAN STDDFV N TOLFACT 99199UTL UNITS 

12992.9 
10.525 
5.81 7 
195.2 
0.983 
1.048 

5068.1 
61.43 
15.207 
7.781 
12.964 
15381.7 
37.535 
10.98 

2853.3 
443.67 
0.09256 
3.31 997 
12.578 
2977.9 
0.4785 
780.99 
1.728 
175.14 
35.331 
0.3773 
38.346 
31.603 
55.824 

2251 5 3  
1.724 
1.818 
84.63 
0.256 
0.362 

2220.5 
61.43 
2.798 
4.305 
3.629 

3226.62 
6.024 
2.273 

1049.95 
457.01 
0.0306 
1.59652 
3.588 

575.47 
0.1468 
700.452 
0.693 

75.031 
13.81 1 
0.1204 
9.21 05 
6.049 
7.795 

18 
18 
18 
18 
18 
17 
18 
18 
19 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 

3.9604 
3.9604 
3.9604 
3.9604 
3.9604 
4.0367 
3.9604 
3.9604 
3.8924 
3.9604 
3.9604 
3.9604 
3.9604 
3.9604 
3.9604 
3.9604 
3.9604 
3.9604 
3.9604 
3.9604 
3.9604 
3.9604 
3.9604 
3.9604 
3.9604 
3.9604 
3.9604 
3.9604 
3.9604 

21 909.86 
17.35 
13.02 

530.37 
2.00 
2.51 

13862.1 7 
304.72 
26.10 
24.83 
27.34 

281 60.41 
61.39 
19.98 

701 1.52 
2253.61 

0.21 
9.64 

26.79 
5256.99 

1.06 
3555.06 

4.47 
472.29 
90.03 
0.C5 

74.82 
55.56 
86.70 

MGIKG 
MGIKG 
MGIKG 
MGlKG 
MGIKG 
MGJKG 
MGJKG 
MGIKG 
MG/KG 
MGIKG 
MGIKG 
MGIKG 
MGIKG 
MGJKG 
MGIKG 
MGJKG 
MGIKG 
MGIKG 
MGJKG 
MGIKG 
MGIKG 
MGIKG 
MGIKG 
MGIKG 
MGIKG 
MGIKG 
MGIKG 
MGIKG 
MGIKG 

It SURFICIAL SOILS FROM ROCK CREEK 
~ ~~ ~ - ~~~~ 

TOTAL RADIONUCLIDES 

Analyte MEAN STDDFV N TOL FACT 99/99 UTL UNITS 

Americium-241 
Cesium-1 37 
Gross alpha 
Gross beta 
Plutonium-239,240 
Radium-226 
Radium-228 
Strontium-89,90 
Uranium-233,234 
Uranium-235 
Uranium-238 

0.01 854 
1.41 

19.825 
32.031 
0.05523 
0.94538 
2.1767 
0.61833 
1.14497 
0.05263 
1.18301 

0.0092 
0.4897 
4.91 6 
5.699 

0.02023 
0.12813 
0.5309 
0.29768 
0.1 5557 
0.03271 
0.18799 

15 
12 
10 
19 

10 
10 
9 
16 
16 
16 

i a  

4.2224 
4.633 

5.0737 
3.8924 
3.9604 
5.0737 
5.0737 
5.3889 
4.1233 
4.1 233 
4.1 233 

0.06 
3.68 
44.77 
54.21 
0.14 
1.60 
4.87 
2.22 
1.79 
0.19 
1.96 

PCIIG 
PCIIG 
PCIIG 
PCIIG 
PCIIG 
PClIG 
PCIIG 
PCIIG 
PCIIG 
PCIIG 
PCIIG 

Where 'TOL FACT' is the tolerance factor for the 99/99 UTL, and "STD DEV" is the standard 
deviation for sample size, N. The 99/99 UTL is calculated as (TOL FACT* STD DEV) + MEAN. 
Metals are 89-percent validated, and radionuclides are 64-percent validated in this table. 



G 

I WATER S T A M I D S  (EPA: 1976) 

ALUMINUM * 
ARSENIC 
SARIUM 
CAD MI U M * 
CHROMIUM 
COPPER * 
LEAD 
MANGANESE * 
MEXURY 
SE'SNIU M 
S L E 3  
ZINC * 

. .  
- 9  
50 

1 0 0  
10 
50 

loo0 
50 
53 
2 
70 
50 

5030 

UG/L 
UGL 
UGA 
UGL 
U r n  
U r n  
UG,L 
U G L  
UGA . 
UGIL 
UGI'I. 
UGi i  

(Lead now hzs a lcwer OWS; m q b e  5 ppb) 

PADIUM-228 
8 GRGSSALWA 

.. . 
e .  - 
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